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1 
This invention relates to an optical objective, 
more especially for photographtc purposes, cor- 
rected for spherical and chromatic aberrations, 
coma, astigmatism, fleld curvature and distor- 
tion, and comprising two simple convergent com- 
ponents located between two divergent doublet 
components each consisting of a convergent ele- 
ment and a divergent element, all four compo- 
nents being of meniscus form with their air-ex- 
posed surfaces concave towards a diaphragm be- 
tween the two simple components, the divergent 
element in each compound comportent being on 
the side nearer to the diaphragm. 
The invention of the present applicant's co- 
pending application of the United States of 
America No. 214,508, flled Match 8, 1951, fs con- 
cerned with a well-corrected objective of this. 
type having a high relative aperture and wide 
covering power and also having improved cor- 
rection for Zonal spherical abërration and oblique 
spherical aberration, such invention having the 
further advantage that it makes It possible to 
bave diameters larger than are needed for the 
axial beam aione in ortier to avoid the vignetting 
which would otherwise be objectionable with the 
wide angular fleld covered. 
In the objective according to such copending 
application, as also in the objective according to 
the present application, the arithmetic mean be- 
twecn the curvatures of the internal contacts in 
the doublet outer components (a curvature being 
reckoned for this purpose as positive when the 
internal contact fs concave towards the dia- 
phragm) is legs than 3.5 times the ectuivalent 
power of the objective and ls greater than 
2(10:c--1)/(10÷1) times such equivalent power, 
where :c fs the positive value of the dif- 
ference betwecn the arithmetic mean of the mean 
refractive indices of the materials of the con- 
verg.ent elements of the doublet components and 
the aritlimetic mean of the mean refractive in- 
dices of the materials of the divergent elements 
of such components. 
The term "internal contacts" is used herein, 
in order to avoid the ambiguity and confusion in- 
herent in the use of the terres "interna1 contact 
surface" and "internal contact surfaces" more 
usually employed hitherto, and indicates the 
assemblage of two cooporating surfaces in a com- 
pound component, whether such surfaces are ce- 
mented together or are in the form of a "broken 
contact," that fs when thWtwo cooperating sur- 
faces bave sltghtly different cuatures, such dif- 
ference being less than 0.2 times the equivalent 
power of the objective, whllst the axial separa- 
tion (if any) of the two surfaces fs less than .01 
times the equivalent focal length of the objective. 
The radius of curvature of an internal contact ls 
the actual radius of curvature of the surface in 
the case of a cemented contact or the harmonic 
mean between the radil of curvature of the two 
surfaces in the case of a broken contact. 
The invention of such copending application 
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is concerned more especialiy wlth an objective 
corrected to cover a semiangular fleld greater 
 than 30 degrees, but the present application re- 
lates to a modification of such invention to give 
5 a higher degree of correction for the various 
aberrations but with a smaller covering power. 
In this modification according to the present 
invention, the objective corrected to cover a 
semi-angular fleld hot greater than 30 degrees 
10 has Petzval curvature between .08 and .lô tlmes 
the equlvalent optical power or the objective, the 
terre Petzval curvature being USed in lt usual 
signiflcance te denote the sure for all the sur- 
faces of the objective of the product of the curva- 
IOE ture of a surface and the difference between the 
reciprocals of the mean refractive indices of the 
materials in front of and behind the surface, such 
diflerence being reckoned as positive if the mate- 
rial behind the surface bas greater index than 
20 that in front of the surface, whllst the. curvature 
fs for this purpose reckoned as positive if the 
surface fs convex to the front in accordance with 
the usual convention. Expressed mathemati- 
cally, the Petzval curvature fs deflned by the ex- 
 pression (NI--N)/NI.N.R, where N 1 and N are 
respectively the mean refractive indices of the 
materials behind and in front of the surface and 
R fs the radius of curvature of the surface, the 
symbol . lndicating the sum of the values of the 
0 foliowing expression forall the surfaces of the 
objective. The terms "front" and "rear" are 
used herein in accordance with the usual con- 
vention to denote the sides of the objective re- 
spectively nearer to and further from the longer 
U conjugate. 
The arithmetic mean between the xial thick- 
nesses of the two doublet components preferably 
lies between .075 F and .15 F where F la the 
equivalent focal length of the objective. The 
40 arithmetic mean between the positive values of 
.the radii of curvature of the outer surfaces of 
the simple inner components preferably lies be- 
tween .22 F and .44 P. The arithmetic mean be- 
tween the positive values of the radii of curva- 
ture of the inner air-exposed surfaces of the two 
45 doublet components preferably lies between .11 F 
ahd .25 F. The arithmetic mean between the pos- 
itive values of the radii of curvature of the outer 
air-expoed surfaces of the two doublet com- 
ponents preferably lies between .17 F and .30 F. 
50 Since the expression 2(10:c--1)/(10:c÷1), re- 
ferred to above, can be negative, the invention 
does not preclude the possibility of having the in- 
ternal contacts in the doublet components con- 
vex towards the diaphragm, but this fs only per- 
55 misslble provided that the refractive index dif- 
ferences betwecn the convergent and divergent 
elements of the doublet components are small. 
On the other hand, since :c ts positive, such ex- 
pression cannot exceed ÷2, and consequently, if 
0 the internal contacts are falrly strongly con- 
cave towards the diaphragm, there ls wide free- 
dom of cholce of the indices. 
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In one group of practical embodiments of the 
invention, oe as above deflned la less than .025, 
and the arithmetic mean between the mean re- 
fractive indices of the materlals of the two 
simple components lles between 1.60 and 1.80. 5 
In another group of embodiments of the in- 
vention, x is greater than .0.5 and the arithmetic 
mean between the mean refractive indices of the 
materials of the two simple components lies be- 
tween 1.55 and 1.68, the arithmetic mean be- l0 
tween the mean refractive indices of the mate- 
rlals of the convergent elements of the two 
doublet components belng greater than that of 
the divergent elements in such components. 
Figures 1-7 of the accompanying drawings re- 15 
spectively lllustrate seven convenient practica] 
examples of objective according to the invention 
and numerical data for these examples are given 
in the following tables, in which R1R2 . . . rep- 
resent the radii of curvature of the indlvidual 20 
surfaces of the objective, the positive sign lndi- 
cating that the surface la convex to the front 
and the negative sign that It la concave thereto, 
DID . . . represent the axial thicknesses of the 
various elements, and $1S2S3 represent the axia] 
air separatlons between the components. The 
tables also give the mean refractive indices n u 
for the D-line of the spectrum and the Abbé V 
numbers of the materials of the various elements. 

Equivalent focal length 1.000. Relative 
Aperture F]4 

Thickness or 
Radius Air Separa- 
tion 
Rz =÷. 3992 
D=. 040 
R! -÷. 1686 
$1-. 0274 
Ri =÷.2717 
R, =÷.4407 
S-.041 
Rs =--. 6345 
R7 ----. 3521 
St =. 0316 
Rs --. 1949 
Da=. 035 
Rs --. 4938 
D=. 055 

Refractive 
Index 
1.700 
1.700 
1. 691 
1. 691 
1o 7O0 
L 700 

Abb$ 
Num. 
ber 
41.2 
30.3 
54.8 
54.8 
30. 3 
41.  

Fquivalent focal length 1.000. Relative 
Aperture 

Thiakness or 
Radius Air Separa- 
tion 
R =--6. 8027 
=÷ .1686 
=÷ . 2717 
D=. 030 
=÷. 407 
St=.041 
= -- . 6345 
=-- .3521 
S=. 0316 
, -- . 1949 
D$=. 020 
=÷1.0194 
Da=. 070 

Refractive 
Index 
1.7O0 
1. 7O0 
1. 691 
1.691 
1.7O0 
1. 7O0 

Abb$ V 
Num. 
ber 
53.0 
41.2 
41. 2 
41. 2 
.0 

4 
Ezample II! 

Equivalent focal length 1.000. Relativa 
Aperture F/4 

Thickness or 
Radius Air Sel)ara- 
tion 
R -. 2273 
 R.=÷. 372 
Rt =÷. 1672 
$1-. 026 
R -÷. 2801 
Dt.00 
Rs -÷. 4444 
Rs --. 7194 
R --. 3717 
S.0 
Rs  -. 190 
Ds=. 040 
Rs -. 4?62 
Ds.060 
Rs--. 2315 

Refractiva 
Index nv 
1.623 
1.623 
1.691 
i. 691 
1.623 
1. 623 

Abb$ V 
Num- 
ber 
56. 2 
36. O 
54.8 
54.8 
36. 0 
56. 2 

25 In these three examples the dlaphragm la 
located approximately midway between the sur- 
faces P and Rs, and the objective la corrected. 
to cover a semi-angular fleld of 25 degrees in 
Example I, 25 degrees in Example II' and 28 de- 
30 grees In Example III. The Petzvai curvaturï: 
is .099 in Example I, .099 in Example II and .135 
in Example III, times the equivalent power of the 
objective. 
AI1 three examples belong to the flrst of the two 
35 groups above mentioned, and since the materials 
of the convergent and divergent elements Of the 
two doublet components have substantiaily the 
same mean refractive index,  as above deflned 
la zero, so that the expression 
40 
2 (lOZ--1)/(10.¢÷1) 
has the value -- in each case. This permits, 
accordlng te the invention a wlde cholce in the 
45 curvatures of the interna1 contacts P and R. 
There la also avallable a wide choice of Abbé V 
numbers for the materials of ail the elements. 
Thls considerably simplifies the problem of flnd- 
lng suitable materials for the elemènts and also 
50 greatly facliltates correction of the higher order 
chromatic errors. 
Thus, in Example I the internal contacts R2 
' and P, are both fairly strongly concave towards 
the diaphragm, whllst Example II la a modlflca- 
55 tion of Example I, in which the internal contacts 
are slightiy convex towards the diaphragm and 
in which a completely different series of Abbé'V 
numbers is Used. Example III again has ils in- 
ternal contacts fairly strongly concave to the 
S0 dlaphragm, but dlffers from Example I in having 
lower refractive indices in the doublet compo- 
nents and yet another different series of Abbé V 
numbers. 
In Example I the curvatures of the lnternal 
65 contacts R and Rs are respectively +2.5 and 
+2.0, the positive slgn in this case lndicating 
that the surfaces are concave towards the dia- 
phragm, and the arithmetic mean between them 
is thus +2.25. In Example II, the corresponding 
70 figures for the two curvatures are --0.14 and. 
--0.98 glving an arlthmetlc mean --0.56, whllst 
In Example rrr the curvatures are -l-2. and -{-2.1 
glvlng an arithmetic mean -{-2.45. These  
are in terres of the equivalent power of the obJec- 
7 tire. 
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The arlthmetic mean between the ax]al tbJck- 
nesses of the two doublets is .095 Fin Examples 
I and II and .105 F in Example IIZ0 where F Js 
the equivalent focal length of the objective. The 
arithmetic mean between the positive values of 5 
the radil of curvature of the outer surfaces 1 
and R7 of the simple inner-eomponents is .3119 F 
in Examp]es I and II and .3259 F In Example I. 
The arIthmetic mean between the positive values 
of the radis of curvature of the inner surfaces 10 
R and R. of the doublet components is .1818 I 
in Examples I and II and .1801 F in Example III. 
The arithmetic mean of the positive values of the 
radiI of curvature of the outer surfaces R1 and 
R10 of the doublet components is .2313 F in Ex- 15 
amples I and II and .2294 I In Example III. 

Example IV 

Equivalent focal length 1.{0. Relative 
Apermre F/3. 5 

20 

Thickness or 
Radius Air Separa- 
tion 
=+ .2326 
D,ffi.070 
=÷ .5165 
oe÷ . 1695 
$I =. 028 
=÷. 28I 
Dz=.032 
= ÷ . 4525 
Ss =. 051 
= -- . 7692 
D, =, 036 
= -- , 3876 
= -- , 1961 
Dleo040 
=--I. 1628 
D,=, 060 
Ri--- . 2419 

Refractive 
Index nD 
I. 6570 
I. 6205 
I. 6231 
L 6234 
I. 12)55 
I. 6570 

Abb 
Num- 
ber 
50.8 
36. 2 
56.2 
56.2 
38.0 
0.8 

25 

3O 

35 

4O 

Ezample V 

Equivalent focal length 1.000. Relative 
Aperture F/4 

Thickness or 
Radius Air Separa- 
tion 
R,=÷L 5385 
R,e÷ .1754 
Sx=. 025 
R,=÷. 285 
Sj-.033 
D,=. 050 
R = -. 3540 
S,e. 031 
R,- . 2070 
D,=.030 
D« =. 070 
R**.-- . 2008 

Refractive 
Index D 
1. 
1.6i80 
1.5887 
1. 5887 
1.6480 
1.7000 

Abbfi'V 
Num- 
ber 
41.2 
33.8 
61.2 
61.2 
33.8 
41.2 

45 

5O 

55 

60 

65 

In these two examples the diaphragm is locat- 
ed approximately midway between the surfaces 
I and R, and the objective is in each case 70 
corrected to cover a semi-angular fleld of 25 de- 
grees. The Petzval curvature in Example IV 
is .114 and in Example V.126 times the equivalent 

the two groups, wherein  as above dettned 
greater than .025. In Example IV,  is .044 and 
the expression 2(10--1)/(10z+1) works out 
as --.81, the corresponding figures for Example 
V being .052 and --.63. In Example IV the 
curvatures of the internal contacts R and 
in terres of the equivalent power of the objective, 
are respectively +1.94 and +.86, the contacts 
both being concave to the diaphragm0 and the 
arithmetic mean between them is thus -{-1.40. 
The corresponding figures for Example V are 
respectively +.65 and +.25 giving a mean +.45. 
The arithmetic mean between the axial thick- 
nesses of the two doublets is .105 F in both ex- 
amples. The arithmetic mean between the posi- 
tive values of the radis of curvature of the outer 
surfaces 1 and 1 of the simple lnner com- 
ponents is .3358 F in Example IV and .3112 F in 
Example V. The arithmetic mean between the 
positive values of the radis of curvature of the 
inner surfaces 1 and Rs of the doublet compo- 
nents is .1828 F in Example IV and .1912 F in 
Example V. The arithmetic mean between the 
positive values of the radis of curvature of the 
outer surfaces R1 and Rz0 of the doublet com- 
ponents is .2372 F in Example IV and .2540 F in 
Example V. 
In all the foregoing examples, the two halves 
of the objective are nearly symmetrical with 
one another, but this is hot essential to the 
invention, and various combinations of one hall 
of one example with one half of another example, 
with relatively slight consequential alterations 
of some of the dimensions, are possible within 
the scope of the invention. Again. St is some- 
rimes possible to modify such variants further 
by interchanging the refractive indices of two 
corresponding elements, one in each hall. 
Thus the following table gives, by way of ex- 
ample, one such variant, in which the front hall 
closely resembles that of Example III and the 
rear hall that of Example IV. 

Equivalent focal leIlgth 1.000. Relative 
Aperture F/4 

Thlekness or 
Radius Air Separa- 
tion 
Rx = +. 2273 
D . 070 
R= ÷. 3571 
D. 040 
R,=e÷. 1672 
Sl =, 027 
R = ÷. 2778 
D,oe. 030 
Soe.03 
R« ffi -. 7576 
R = -. 3846 
R -. 1961 
R ffi --. 943 
D, ffi.060 
Rffi --. 2399 

Refractive 
Index nD 
1.6230 
1.6230 
1.6910 
1. 6234 
1.6132 
1.6oe 

!Abb 
Num. 
ber 
2 
36. 0 
5.8 
56.2 
36.9 
0.8 

The diaphragm in this example is again ap- 
proximately midway between the surfaces R 
and R, and the objective is corrected to cover a 
semi-angular flelà of 25 àegrees. The Petzval 

power of the objective, curvature is .121 rimes the equivalent power of 
These two examples belong to the second of 5 the objective. 



? 
In thls example, z as above deflned has the 
value .0219 and the expression 

2(10x-- I)/(10x-{-1) 
has the value --1.28. Thls example thus lies in 
the first of the above two groups. The curva- 
tures of the lnternal contacts R2 and 1 are 
respectlve]y -{-2.8 and ,{,1.1 rimes the equlvalent 
power of the objective, the arithmetic mean 
belng ,{, 1.9 rimes such power. 
Te arithmetic mean between the axlal thlck- 
nesSes of the two doublet component ls .105 P. 
The arithmetic means between the positive values 
of the radl of curvature of the surfaces R and 
R7, the surfaces P and Rs, and the surfaces R1 
and Ri0 are respectively .3312 F, .1816 F and 
.2336 F. 
In ali the foregoing examples, the internal 
contacts are cemented, but as bas already been 
mentioned, thls is hot essentlal to the invention, 
and either or both of the lnternal bontacts may 
be in the form of broken contacts. As one ex- 
ample of thls, the following table shows a variant 
of Example IV, in which the lnternal contact in 
the rear doublet component ls a broken contact, 
that in the front doublet component belng ce- 
mented. 

Enpe VII 

In ail the examples, the improvements 
cording to the invention make It possible to 
bave larger diameters for the Varlous elementa 
than ls required for the axial"beam alone, and 
5 such larger diameters are vëry valuable in 
facilitatlng correction for oblique aberrations. 
Thus in Examples-I, II, III, V and VIo the 
ameters of th.e various surfaces inay be .32 P' 
for R and R0 .2 P for the chamfer diameters 
I0 of R i Rs and I, and .26 P fdr P and Ro. 
In Examples IV and VII, the diameters may be 
.30 P for R and R, .22 F for the chamfers 
of R R» Rs and Rs, and .26 P for R9 and 
(Example IV) or for Rs R9 and R11 (Example 
15 VII). 
The insertion of equal (--) slgns in the radits 
columns of the tables, in company with plus 
(+) and minus (--) signs whtch indicate 
whether the surface is convex or concave to the 
front, is for conformity wlth the usual Patent 
Office custom, and it is to be understood that 
these signs are hot to be interpreted wholly in 
their mathematica! signiflcance. This sign con- 
vention agrees with the mathematlcal slgn con- 
25 vention requlred for the computatlon of some 
of tbe aberrations including the primary aber- 
rations, but different mathematical sign con- 
ventlons are requlred for other purposes lnclud- 
ing computation of some of the secondary aber- 
3o rations, so that a radlous lndicated for example 
as positive in the tables may have to be treated 
as negatlve for some calculatlons as ls well un- 
derstood in the art. 
What I claire as my invention and desire to 
35 secure by Letters Patent ls: 
1. An optical objective, corrected for spherical 
and chromatic aberrations, coma, astigmatlsmo 
fleld curvature and distortion, to cover a seml- 
angular fleld hot greater than 30 degreeso and 
40 compz;isingltwo doublet divergent outer compo- 
_nentsJeach aving a ou er eenvergent elemCffg 
 inner divergent eleento}two simple con- 
ver ee_L.r _co_m_mponents.|ocatëa ëween suc- 
outer componentso .an-ffd'a___agm located be- 
45 tween the two inner com--en::a, sala c0mloll"ënts 
and diaphragm being air spaced in axial aline- 
ment and all four components being of menlscus 
form with their air-exposed surfaces concave 
towards the diaphragm, the arithmetic mean of 
the curvatures of the internal contacts in the 
doublet components (a curvature being reckoned 
for this purpose as positive when the lnternal 
contact ls concave towards the diaphragm) be- 
lng algebraicly less than ,-b3.5/F where F ls the 
equlvalent focal length of the objective and 
greater than 2(lOz--1)/(10z+1) P, where z 
ls the positive value of the difference between 
the arlthmetic mean of the mea'n refractive in- 
dices of the materlals of the convergent elements 
of the two doublet components and the arith- 
metic mean of the mean refractlve indices of 
the materlals of the two divergent elements, the 
Petzval curvature as determlned from the ex- 
pression Z(N--N)/N.N.R havlng a value lying 
between .08/P and .16/F where the symbol Z in- 
dicates the sure of the values of the expression 
following It for all the surfaces of the objec- 
tive and N and N are the mean refractlve 
indices of the materials respectively behlnd and 
in front of the surface whlle R ls the radiUs of 
curvature of the surface and for this purpose 
is reckoned as positive when the surface ls con- 
vex towards the front of the objective. 
2. An optlcal objective as c!almed.in claire 1, 
in whlch the arlthmetlc mean.of, the axial, thiCk- 

Equivalent focal length 1.000. Rehtive 
Aperture F/3.5 

Thickness or 
Radius Air Separa- 
tien 
R -÷. 326 
D=. 070 
R: =÷. 5165 
D =. 040 
R -÷. 16 
S =. 028 
R -÷ . 2841 
D=.032 
R -÷ .4525 
S-. 051 
R --- . 7692 
Di =. 036 
Rz -- . 3876 
S-.028 
R =-- . 1961 
D . 040 
R --l. 1628 
S«ffi.005 
R»ffi--1.1655 
D«ffi. 052 
R]--- . 2412 

Refractive 
Index nD 
1. 6570 
1. 6205 
1. 6234 
1. 6234 
1. 6055 
I. 6570 

Abb V 
ber 
50.8 
36. 2 
56.2 
56.2 
38.0 
50.8 

The diaphragm in this example !s approxi- 
mately mldway between the surface I and P, 
and the objective is corrected for a semi-angular 
fleld of 25 degrees. The Petzval curvature of 
the objective is .120 times the equivalent power 
of the objective. 
In thls example z has the value .044 and the 
expression 2(lOz--1)/(lOz+l) the value --.81. 
The curvature of the cemented contact R is 
.{.1.94 times the equivalent power of the objec- 
tive, whilst that of the broken contact R Ro 
is the mean of the two individual curvatures 
-{-.86 ttmes such power, so that the arithmetic 
mean between them is +1.40 times such power. 
The arithmetic mean between the axial thick- 
nesses of the two doublet components is .105 
F. The arithmetic means between the positive 
values of the radii of curvature of the surfaces 
R and R7, the surfaces P and Rs and the sur- 
faces Rz and R are respectively .3358 P, .1828 
F and .2369 l . 

2O 

5O 

55 

80 

65 

7O 

76 
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nesses of?.the.:two, doublet components lies be- 
tween .075 lV and .16 lV. 
 3. An optical objective as claimed in claire 2, 
tD which the arithmetic mean of the positive 
values of the radii of curvature of the outer 
surfaces of the simple inner components lies be- 
tween .22 1 v and .44 1 v, 
4. An optical objective as claimed in claire 3, 
in which the arithmetic mean of the positive 
values of the radii of curvature of the innermost 
surfaces of the doublet components lies between 
.11 F and .25 F, and that of the outermost sur- 
faces of the doublet components lies between 
.17 I v and .30 I v . 
5. An optical objective as claimed in claim 1, 
in which the arithmetic mean of the positive 
values of the radii of curvature of the outer sur- 
faces of the simple inner components lies be- 
tween .22 F and .44 F. 
6. An optical objective as claimed in claim 1, 
in which the arithmetic mean of the positive 
values of the radii of curvature of the innermost 
surfaces of the doublet components lles between 
.11 I v and .25 F. 
7. An optical objective as claimed in claim 1, 
in which the arithmetlc mean of the positive 
values of the radii of curvature of the outermost 
surfaces of the doublet components lies between 
.17 F and .30 F. 
8. An oPtical objective, corrected for spherical 
and chromatic aberrations, coma, astigmatism, 
fleld curvature and distortion, to cover a semi- 
angular fleld hOt greater than 30 degrees, and 
comprising two doublet divergent outer com- 
ponents each having an outer convergent ele- 
ment and an inner divergent element, two sim- 
ple convergent inner components located be- 
tween such outer components, and a diaphr 
located between the two inner com 
omponents ahd diaphfaced in 
axial alinement and all four components being 
of meniscus form with their air-exposed sur- 
faces concave towards the diaphragm, the arith- 
metic mean of the curvatures of the lnternal con- 
tacts in the doublet components (a curvature 
being reckoned for this purpose as positive when 
the internal contact is concave towards the 
diaphragm) being algebraicly less than ÷3.5/F 
where I v is the equivalent focal length of the ob- 
jective and greater than 2(10x--1)/(10x÷I)F, 
where x is the positive value of the difference 
between the arithmetic mean of the mean re- 
fractive indices of the materials of the con- 
vergent elements of the two doublet components 
and the arithrnetic mean of the mean refrac- 
tire indices of the material of the two divergent 
elements, the Petzval curvature as determined 
from the ex!oression (N--N)/N1.N.R having a 
value lying between .08/F and .16/F where the 
symbol  indicates the sum of the values of the 
expression following It for all the surfaces of 
the objective, and NI and N are the mean re- 
fractive indices of the materials respectively be- 
hind and in front of the surface while R i the 
radius of curvature of the surface and for this 
purpose is reckoned as positive when the sur- 
face is convex towards the front of the objective, 
the said difference x being less than .025 whlle 
the arithmetic mean of the mean refractive 
indices of the materials of the two simple com- 
ponents lies between 1.60 and 1.80. 
9. An optical objective as claimed in claim 8, 
in which the arithmetic mean of the axial thick- 
nesses of the two doublet components lies be- 
tween .075 F and .16 IV. 
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" 10. An optical objective as claimed in claire 8, 
in which the arithmetic mean of the positive 
values of the radii of curvature of the outer sur- 
faces of the simple inner coml)onents lies be- 
 tween .22 F and .44 P. 
11. An optical objective as claimed in claim 8, 
in which the arlthmetic mean of the positive 
values of the radii of curvature of the innermost 
surfaces of the doublet components lies between 
10 .11 I v and .25 I v. 
12. An optical objective as cla]med in claim 8, 
in which the arithmetic mean of the positive 
values of the radii of curvature of the outermost 
surfaces of the doublet components lles between 
15 .17 I v and .30 I v . 
13. An optical objective, corrected for spherical 
and chromatic aberrations, coma, astigmatism, 
fleld curvature and distortion, to cover a semi- 
angular fleld hOt greater than 30 degrees, and 
2o comprising two doublet divergent outer com- 
ponents each having an outer convergent element 
and an inner divergent element, two simple con- 
vergent inner components located between such 
outer components, and a diaphragm located be- 
25 tween the two inner components, said compo- 
nents and diaphragm being air spaced in axial 
alinement and all four components being of 
meniscus form wlth their air-exposed surfaces 
concave toward the diaphragm, the arithmetic 
3O mean of the curvatures of the internal contacts 
in the doublet components (a curvature being 
reckoned for this purpose as positive when the 
internal contact is concave towards the dia- 
phragm) being algebraicly less than ÷3.5/I  
35 where I v is the equivalent focal length of the 
objective and greater than 2(10x--1)/(10x÷l)l v, 
where x is the positive value of the difference 
between the arithmetic mean of the mean re- 
fractive indices of the materials of the convergent 
40 eements of the two doublet components and the 
arithmetic mean of the mean refractive indices 
of the materials of the two divergent elements, 
the Petzval curvature as determined from the 
expression  (N--N)[N.N.R having a value lying 
between .08/F and .16/lV where the symbol . 
45 
indicates the sure of the values of the expression 
following it for all the surfaces of the objective 
and N and N are the mean refractive indices 
of the materlals respectively behind and in front 
of the surface whlle R is the radius of curvature 
0 of the surface and for this purpose ls reckoned 
as positive when the surface is convex towards 
the front of the objective, the satd difference x 
being greater than .025 while the arithmetic 
mean of the mean refractive indices of the ma- 
55 terials of the two simple components lies be- 
tween 1.55 and 1.68 and the arithmetic mean of 
the mean refractive indices of the materlals of 
the convergent elements of the two doublet com- 
ponents ls greater than that of the divergent 
6o elements in such components. 
14. An oPtical objective as claimed in claire 13, 
in which the arithmetic mean of the axtal thick- 
nesses of the two doublet components lies between 
.075 1 v and .16 F. 
65 
15. An optical objective as claimed in claire 13, 
in which the arithmetic mean of the positive 
values of the radii of curvature of the outer sur- 
faces of the simple inner components lies be- 
70 tween .22 IV and .44 IV. 
16. An optical objective as claimed in claim 13, 
in which the arithmetic mean of the positive 
values of the radii of curvature of the innermost 
surfaces of the doublet components lies between 
7B .11 F and .25 IV. 
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17. An optical objective as claimed in claire. 13, 
in which the arithmetic mean of the positive 
values of the radil of curvature of the outermost 
surfaces of the doublet components lies between 
.17 F and .30 P.  
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